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@ In an optical storage system, a norhsignal 
radiation component from a laser unit (11) 
which is leaves the optical path as a result of 
selection of a signal polarization component for 
interaction with the optical storage medium (5) 
is applied to a first detector (21). The output 
electrical signal from the first detector is com- 
bined v(4th the output electrical signal from the 
second detector (16) to which the radiatbn 
component, which has interacted with the stor- 
age medium, is applied. The two electrical sig- 
nals are combined in a manner to reduce the 
noise from the laser unit which is superimposed 
on the signal from the second detector. In the 
typical read/write head, the non-signal beam 
can be the deflected radiation from the beam 
splitter (13). 




FIG. 2 
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BACKGROUND OF THE INVENTION 

1. Field of Invention 

This invention relates generally to optical storage 
systems and. more particularly, to the detection ap- 
paratus associated with a write-once system by which 
the change in reflectivity of an irradiated region of a 
storage region, and hence the binary state represent- 
ed by the region, is identified. 

2. Description of the Related Art 

In the write-once optical storage system, noise 
can be introduced into the system by several mecha- 
nisms. For example, the radiation detectors can intro- 
duce shot noise and thermal (Johnson) noise into the 
signal. The effect of the shot noise and the thermal 
noise can not be reduced by differential detection sys- 
tems. However, one of the largest sources of noise 
are the instabilities in the laser radiation unit in cer- 
tain applications in which a differential detection sys- 
tem is employed, a reduction in noise can automati- 
cally be achieved. 

Referring to Fig. 1, a write once-optical informa- 
tion storage system is illustrated. A radiation beam is 
generated by means of a iaser diode 1 1 . The radiation 
beam is collimated by colllmating lens 12 and applied 
to beam splitter 13. The portion of the radiation beam 
with a polariiiation determined by the characteristics 
of the beam splitter 13 is transmitted by the beam 
splitter 13 and applied to quarter wave plate 14. The 
portion of the radiation beam which is not transmitted 
by the beam splitter 13 is reflected thereby and 
leaves the optical path of the storage system. The 
portion of the radiation beam transmitted by the quar- 
ter wave plate 14 is applied to objective lens 15. The 
objective lens focuses the radiation beam through a 
protective layer 5B and onto an information bearing 
surface 5A of the storage medium 5. The radiation 
beam is reflected from the storage medium surface 
5Aand is recollimated by objective lens 1 5 The recol- 
limated radiation beam is transmitted through the 
quarter-wave plate 14, and applied to polarization 
beam splitter 13. The portion of the reflected radiation 
beam which has been rotated by interaction with the 
storage medium and the quarter wave plate will have 
a linearly polarized radiation component rotated by an 
angle of 90** from the polarized radiation component 
transmitted by the beam splitter 13. The rotated radi- 
ation component will be reflected by the beam splitter 
13 and applied to radiation detector 16. The portion of 
the radiation beam which has not been rotated by in- 
teraction with the storage medium will be transmitted 
through the polarization beam splitter 13. This radia- 
tion component transmitted by the beam splitter will 
remain as part of the laser cavity radiation. The output 
signal from radiation detector 16 is applied to amplifi- 



er 17. The output signal from the amplifier can be 
processed to determine the Information stored on the 
storage medium. 

The operation of the write once information stor- 
5 age system can be understood in the following man- 
ner. The memory layer 5A of the storage medium is 
fabricated so that the reflectivity of selected regions 
of the storage medium can be altered with respect to 
the surrounding region. When information is stored 

10 on the memory layer, the reflectivity of the selected 
regions, establishes along a predetermined path or 
track the interpretation of selected regions as a se- 
quence of logical signals. The quarter wave plate con- 
verts the linearly polarized radiation into a circularly 

15 polarized radiation beam. When the circularly pola- 
rized radiation is reflected from the storage layer, the 
differential absorption between the two orientation 
states of the storage layer will provide a detectable 
difference in the signal amplitude. Therefore, the re- 

20 flectivity state of the currently illuminated portion of 
the storage layer can be determined from the output 
signal of amplifier 17. The determination of the reflec- 
tivity of the illuminated selected region permits the 
correlation of the illuminated region of the storage 

25 layer with a logic state and, consequentiy, the retriev- 
al of Information stored on the storage layer. 

As will be clear to those skilled in the art, the dif- 
ferential absorption can be relatively small. Therefore, 
the signal or modulated components of the radiation 

30 beam can be relatively small and a carrier signal to 
noise ratio (CNR) can be small. One of the principal 
contributions to the noise is the result of instabilities 
in the laser unit. In order to compensate for laser unit 
instabilities, one technique has been to extract a por- 

35 tion of the laser radiation from the radiation source 
and compensate for noise in the signal-bearing radi- 
ation beam by combining the extracted radiation por- 
tion with the signal-bearing radiation source. An ex- 
ample of this compensation is found in U.S. Patent 

40 4,896,222 issued in the name of Fukai. In U.S. Patent 
4,150,402 issued in the name of Tietze et al., a por- 
tion of the radiation beam is used to determine a gen- 
eral level of the laser radiation, thereby permitting a 
calibratk>nfor a signal-bearing or modulated beam, in 

45 U.S. Patent 5,105,413 issued in the name of Bakx, a 
technique for dh^iding a reflected radiation from a re- 
cording media to remove the effects of write modula- 
tion is disclosed. However, none of the references dis- 
close a technique for reducing the laser noise in an 

so optical recording head. 

PROBLEM TO BE SOLVED 

A need has therefor been felt for a technique and 
55 associated apparatus that would compensate for the 
instabilities in the laser radiation in an optical 
read/write head. 
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SUMMARY OF THE INVENTION 



DETAILED DESCRIPTION OF THE INVENTION 



It is an object of the present invention to provide 
an improved read/write head for an optical informa- 
tion storage system. 

It is a feature of the present invention to provide 
apparatus and method for minimizing the effect of 
laser radiation instabilities in an optical read/write 
head. 

It is yet another feature of the present invention 
to detect front facet radiation and use the detected ra- 
diation to compensate for laser-induced noise in the 
read/write head of an optical information storage sys- 
tem. 

The present invention is directed to overcoming 
one or more of the problems set forth above. Briefly 
summarized, according to one aspect of the present 
invention, a portion of the radiation from the front fac- 
et of a laser unit in a write-once storage system is de- 
tected by the information retrieval apparatus prior to 
interaction of the radiation beam with the information 
storage medium. The amplitude of the signal resulting 
from the detected radiation is adjusted and the result- 
ing signal is combined with the information bearing 
signal derived from the radiation reflected from the 
storage medium. In the preferred embodiment, the 
compensating radiation is derived from radiation re- 
flected from the optical path by the polarization beam 
splitter of the read/write head. 

ADVANTAGES OF THE INVENTION 

When the signals are combined in an appropriate 
manner, the noise resulting from instabilities of the 
laser unit can be significantly reduced. In addition, the 
reduction in noise is still significant even in the pres- 
ence of variation in the storage medium. 

These and other aspects, objects, features and 
advantages of the present invention will be more 
clearly understood and appreciated from a review of 
the following detailed description of the preferred em- 
bodiments and appended dainrte, and be reference to 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a read/write system 
in which the present invention can be utilized. 

Figure 2 is the read/write information storage 
system of Figure 1 along with the apparatus for com- 
pensating for laser induced noise in the signal-bear- 
ing radiation. 

Figure 3 is a graphical display illustrating the las- 
er unit noise reduction resulting from the use of a com- 
pensating signal according to the present invention. 



1, Detailed Description of the Figures 

5 Figure 1 has been described with reference to the 

related art 

Referring to Fig. 2, the read/write optical head of 
Fig. 1 along with the additional apparatus required for 
reduction of noise according to the present invention 
10 is shown. The radiation beam applied to beam splitter 
1 3 is divided into two components, the radiation com- 
ponent which is transmitted by the polarization beam 
splitter 13 and applied to storage medium 5 and the 
radiation component which is reflected out of the ex- 
is tended optical cavity by the beam splitter 1 3. The ra- 
diation component which is reflected out of the ex- 
tended laser unit cavity (i.e., the extended laser unit 
optical cavity including the laser unit, the storage me- 
dium and the intervening optical components) is ap- 
20 plied to the radiation detector 21 . The electrical output 
signal from radiation detector 21 is applied to amplifi- 
er 22. Amplifier 22 has a gain G. the gain G determin- 
ing the amplitude of the signal atthe output terminal. 
The output signal of amplifier 22 is applied to a first 
25 input terminal of a difference amplifier, the second in- 
put terminal of the difference amplifier receiving the 
signal from amplifier 17. The difference amplif ier pro- 
vides the phase relationship by which the changes in 
the information modulated radiation component have 
30 the changes in the laser radiation resulting from in- 
stabilities in the laser unit subtracted therefrom. 

Referring to Fig. 3, the reduction of the laser-in- 
duced noise resulting from the use of a laser monitor- 
ing signal is shown. The solid line indicates the carrier 
35 to noise ratio (CNR) that can be expected as a func- 
tion of the cancellation signal. The solid line indicates 
the theoretical CNR as function laser relative intensi- 
ty noise (RIN) when no cancellation signal is conv 
bined with the information bearing signal. The exper- 
40 imental verification of this functionality is shown by 
the experimental points which are in the immediate vi- 
cinity of the theoretical curve. The dotted curve in 
Fig. 3 displays the resulting theoretical relationship 
between the CNR and the RIN as a result of an 80% 
45 cancellation of the laser induced noise. The dashed 
curve in Fig. 3 displays the relationship between CNR 
and RIN with 100% cancellation of the laser induced 
noise. 

50 2. Operation of the Preferred Embodiments 

The operation of the retrieval of Information from 
a write once optical storage system can be under- 
stood as follows. The radiation from the laser unit is 
55 divided into two portions by the polarization beam 
splitter. The first radiation portion interacts with the 
information storage medium and is the information 
bearing portion. The second radiation portion is re- 
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fleeted out of the optical path and out of the extended 
optical cavity. This reflected radiation component 
does not receive any of the information content and 
can therefore be used as a nneasure of the current 
laser unit radiation without the information superim- 
posed thereon. In the preferred embodiment, both ra- 
diation components are converted to electrical sig- 
nals by radiation detectors. The non-Information 
bearing electrical signal has the gain determined and 
is then subtracted from the information bearing elec- 
trical signal component. In this manner, the variation 
in the output signal of the difference amplifier can be 
principally determined by the modulation of the infor- 
mation bearing radiation component 

In order to study a model of laser noise cancella- 
tion, a model has been developed. The photocurrent, 
Irf. from the detector for a recorded tone is given by: 

IrF = TlRluser + nARlLaserSin(©t)/2 (1) 

where t) is a function of the head efficiency to the de- 
tector and the detector responsivity, R is the average 
media reflectivity, AR is the difference In reflectivity 
for the lands and the marks of the medium, Ilaser 
the read power of the radiation source, and co is the 
frequency at which data is being read. After amplifi- 
cation, the signal from the detector monitoring the ra- 
diation emitted by the radiation source is given by: 

ipF = GalLaser (2) 

where G is the amplification (gain) and a contains the 
efficiency of the monitor detector and the detector's 
responsivity. The laser power and the reflectivity can 
be written as: 

luser = 1 + 61 (3) 

and 

R = R + 5R (4) 
where the fluctuations 51 and 5R have a mean value 
of zenD. 

[(51)2] = PBIORiN/io (5) 
I(6R)2] = R2B10MRW10 (6) 
where B is the measurement bandwidth, RIN is the 
laser's relative intensity noise, and MRN is the media 
reflectivity noise, both the RIN and the MRN being 
measured in dB/Hz. When the assumption is made 
that the noise sources are uncorrelated white noise 
sources, then the CNR for the information bearing 
electrical signal minus the monitoring signal (iRp-ipF) <s 
given by 

CNR = - 10log((2E€-2(1 -Ga/r|R)2 + 1)B10R»wio 

+ 2€-2B10MRN/10) (7) 

where B equals 30 KHz and s is the relative contrast 
AR/(2R) which has a numerical value of 0. 1 3 for PC/AI 
media. In this model, the monitor signal used in the 
compensation is derived from the front facet of the 
laser diode and higher order laser noise contributions 
are included. For illustration, this model does not in- 
clude shot noise and electronic noise, the contribu- 
tions from these two noise sources may be insignifi- 
cant in the write-once, optical information storage 
system. In a typical read/write head, the noise level 



of the electronic noise and the shot noise are in the 
range of -1 35 to -140 dB/Hz, the actual noise level de- 
pending on the power energizing the laser unit 
Referring once again to Fig. 2. the plot of the car- 

5 rier to noise ratio, CNR, as a function of the relative 
intensity noise, RIN, for phase change on the alumi- 
num media wherein the media reflectivity noise, is 
equal to -129 dB/Hz. The three curves correspond to 
no laser noise cancellation, Ga = 0, perfect cancella- 

10 tion, Ga = Rt|, and partial cancellation, Ga = 0.8tiR. 
The experimental data indicates that a read/write 
head without front facet monitor subtraction is consis- 
tent with the Ga = 0 curve. The examples where Ga 
is not equal to zero show a dramatic increase in the 

15 tolerance to laser noise as well as a modest increase 
in the CNR (I.e., 3-5 dB) for typical laser noise in 
read/write heads having electronic and shot noise lev- 
els of -125 to -130 dB/Hz. When laser noise Is the 
source of noise, CNR increases of 21 dB for perfect 

20 cancellation and 1 3dB for partial cancellation are ach- 
ieved. 

As will be clear, the present invention requires 
that the two signals, i.e., the information t>earing 
electrical signal and the monitoring signal be in phase 

25 when the subtraction is performed. This phase coher- 
ence should not be difficult to achieve for frequencies 
generally 10 MHz or below. When the amplifier gain 
is fixed, then the media reflectivity variations and 
coversheet birefringence changes can unbalance the 

30 Ga -TiR by as much as 20%. However, the change in 
the carrier to signal noise, CNR, will not change un- 
less the laser unit is exceptionally noisy. Because the 
correlation between fluctuations in the radiation emit- 
ted by the rear fecet and the front facet of a laser unit 

35 has not been demonstrated, the monitoring of the 
front facet radiation of a laser unit is believed to be inr^ 
portent. 

In the preferred embodiment, a quarter wave 
plate has been used in the optical path. The function 

40 of the quarter wave plate is to reduce the feedback 
of radiation reflected from the storage medium into 
the laser and to increase the signal to noise seen by 
the detector. The present invention can provide com- 
pensation for the instabilities in the laser to the extent 

45 that the quarter wave plate is no longer required. 

It will be now appreciated that there has been 
presented a technique for the reduction of noise orig- 
inating in the laser unit in a read/write head in a stor- 
age medium with controllable optical (e.g., reflectivi- 

50 ty) properties, write-once information storage sys- 
tem. By subtracting a signal derived from monitoring 
t he front facet of a laser u nit and su btracting the mon- 
itoring signal from the information bearing signal, the 
noise which arises from the laser unit can be reduced. 

55 Operation of the present invention is believed to 

be apparent from the foregoing description and draw- 
ings, but a few words will be added for emphasis. In 
the write-only optical information storage system, the 
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laser unit can be the largest source of noise. The laser 
unit noise can be significantly reduced by subtracting 
a signal derived from the front facet of the read/write 
head laser unit from the information bearing signal. 

Although the invention has been described with 
reference to a write-once information storage system, 
it will be clear to those skilled in the art that the in- 
vention is applicable to other read/write head assem- 
blies in optical information storage systems in which 
the fluctuations in the radiation source provide the 
principal contribution to the system noise. Examples 
of optical information storage systems, in addition to 
the write-once systems, to which the present inven- 
tion is applicable are read only optical information 
storage systems and the magneto-optical or other 
phase change erasable information storage systems. 

While the invention has been described with par- 
ticular reference to a preferred embodiment, it will be 
understood by those skilled in the art that various 
changes may be made and equivalents may be sub- 
stituted for elements of the preferred embodiment 
without departing from invention. In addition, many 
modifications may be made to adapt a particular sit- 
uation and material to a teaching of the invention with- 
out departing from the essential teachings of the 
present invention. 

As is evident from the foregoing description, cer- 
tain aspects of the invention are not limited to the par- 
ticular details of the examples illustrated, and it is 
therefore contemplated that other modifications and 
applications will occur to those skilled In the art It Is 
accordingly intended that the claims shall cover all 
such modifications and applications as do not depart 
from the true spirit and scope of the invention. 



Claims 

1. A read/write head in an information storage sys- 
tem, wherein information is stored in an storage 
medium having controllable optical parameters, 
said information being stored and retrieved by 
through interaction by said storage medium with 
a radiation beam, said read/write head compris- 
ing: 

a laser unit; 

a beam splitter providing a first radiation 
beam and for providing a second radiation beam 
from said laser unit; 

focusing means for focusing said first radi- 
ation beam on said storage medium; 

first detection means for detecting radia- 
tion reflected from saW optical medium and de- 
flected by said beam splitter 

second detection means for detecting said 
second radiation beam from said beam splitter; 
and 

combining means for combining signals 



from said first detection means and from said sec- 
ond detection means to cancel noise generated 
by said laser unit. 

5 2. A read/write head for an information storage sys- 
tem in which the storage medium is an optical me- 
dium, said read/write head comprising: 

laser means for providing a source of co- 
herent radiation; 
10 separation means for providing an interac- 

tion radiation component and a non-interaction 
component; 

focusing means for applying said interac- 
tion radiation component to a predetermined lo- 
ts cation on a storage medium; said focusing means 
applying a reflected interaction radiation compo- 
nent to said separation means, said separation 
means deflecting a portion of said reflected inter- 
action radiation component; 
20 first detector means positioned receive 

said reflected radiation portion for providing a 
first electrical signal determined by said reflected 
radiation portk>n; 

second detector means positioned to re- 
25 ceive said non-interaction radiation component 

for providing a second electrical signal deter- 
mined by said non-interaction radiation compo- 
nent; and 

combining means for combining said first 
30 and said second electrical signals whereby noise, 

resulting from instabilities in said laser means in 
said first electrical signal, Is reduced. 

3. The read/write head of daim 1 or 2 further com- 
35 prising a quarter wave plate positioned between 

said beam splitter and said storage medium. 

4. The read/write head of any of claims 1 to 3 where- 
in said combining means includes an amplifier 

40 coupled to said second detection means for con- 

trolling an amplitude of a signal from said second 
detection means prior to said combining signals. 

5. The read/write head of any of claims 1 to 4 where- 
45 in said combining means includes a differential 

amplifier for combining said first and said second 
electrical signals. 

6. The read/write head of any of claims 1 to 5 where- 
60 in said information storage system is a magneto- 
optic storage system. 

7. The read/write head of any of claims 1 to 5 where- 
in said storage medium is a read only disk. 

55 

8. A method for compensating for the noise gener- 
ated by a laser unit in an optical storage system, 
wherein sakl storage system has a optical stor- 
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age medium in which signal radiation from said 
laser unit is applied to a beam splitter, wherein af- 
ter interaction with said storage medium the radi- 
ation Is deflected by said beam splitter and ap- 
plied to a first detector, said first detector provid- 5 
ing a signal which is a function of a state of mag- 
netic orientation of a portion of the storage me- 
dium being illuminated, wherein said method 
comprises the steps of: 

applying non-signal radiation from said io 
beam splitter not applied to said quarter wave 
plate to a second detector; 

combining output signals from said first 
and said second detector whereby at least a por- 
tion of the noise generated by said laser unit is 15 
cancelled from said first detector signal. 

9. The method of claim 8 wherein said applying step 
includes the steps of: 

adjusting an amplitude of said second de- 20 
tector signal; and 

combining said adjusted amplitude sec- 
ond detector signal with said first detector signal. 

10. The method of claim 9 wherein said applying step 25 
includes the step of applying radiation from a 
front facet of said laser unit to said second detec- 
tor. 
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PRIOR ART 

FIG. I 
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